at similar positions in the rad50 ϩ and rad50S back-
tary set of broken fragments was observed (data not shown). A diploid strain (GP3087) containing the ade6-M26 allele formed breaks at similar frequencies and at grounds, but failure to repair breaks in the rad50S muthe same time and positions as the haploid (Table 1 
and tant results in their persistence and higher level throughdata not shown). out the late stages of meiosis (Young et al., 2002), as has
Since the break near M26 was readily observed in been previously observed in S. cerevisiae. The S. pombe the rad50S background, we asked whether the rad50S rad50S allele allowed us to revisit the question of DSBs mutation was essential to see the break. Strain GP535 at the M26 hot spot and to show that M26 is, in fact, a (ade6-M26 rad50 ϩ ) was analyzed for break formation as site of multiple meiosis-induced DSBs.
in Figure 2A . In this strain, a break at M26 was visible between 3 and 4 hr of meiosis but was repaired at later Results time points ( Figure 2C ). This result is similar to what has been observed for other meiotic DNA breaks in S. pombe M26 Is a Site for Meiosis-Induced DNA Breaks rad50 ϩ strains (Cervantes et al., 2000). The break at M26 Meiosis was induced using the pat1-114 allele (Iino and was noticeably weaker in the rad50 ϩ strain compared Yamamoto, 1985) . This temperature-sensitive form of to rad50S (Table 1) (Table 1) . and Smith, 1997; M.E. Fox and G.R.S., unpublished These additional breaks demonstrate that meiotic DNA data).
breakage occurred normally outside of the ade6 gene To look for DNA breaks at M26, we induced meiosis and imply that M26 stimulates breakage only near itself. in a haploid strain containing the rad50S allele (GP2956).
Other alleles of ade6 that lack an M26 heptamer (ade6 ϩ , In these experiments, cells arrested in G1 underwent M210, 3006, and 3010) gave results similar to those seen premeiotic DNA replication between 2 and 3 hr after the with ade6-M375 (data not shown). temperature shift and maintained a G2 content of DNA In order to determine more precisely the location of for the remainder of the experiment (see Supplemental the break near M26, we analyzed a smaller (1783 bp) Figure S1 at http://www.molecule.org/cgi/content/full/ fragment containing M26 (Figure 3 ). From this experi-9/4/847/DC1). At the indicated time points, cell samples ment, it can be seen that there is not a single break site were removed, and DNA was purified in agarose plugs but multiple, closely spaced break sites surrounding in order to minimize mechanical DNA breakage. DNA M26. Interestingly, M26 itself lies in a ‫07ف‬ bp region was then digested with an appropriate restriction enthat is free of visible breaks. The ade6-3005 allele, which zyme, resolved by gel-electrophoresis, and analyzed by contains an inverted heptamer at the same position as Southern blot hybridization. 
1997, 1998). Mutations in either atf1
or pcr1 abolish hot may be related to the reduced efficiency with which pcr1 mutants undergo meiosis (Watanabe and Yamamoto, spot activity but have no effect on basal recombination levels within ade6; i.e., M26 and M375 recombine with 1996; Kon et al., 1998). It was not possible to determine the Atf1 dependence of the breaks at M26, because atf1 a test allele at approximately the same frequency in atf1 or pcr1 mutants (Kon et al., 1997 ). Therefore, we tested mutants exhibit strong defects in meiotic development and also suppress the temperature sensitivity of the break formation in a strain deleted for pcr1. The result of this experiment ( Figure 4A 5C ). For example, the promoter region of ade6 was a site of breakage in all of the alleles shown. This fact is most remarkable in the case of the ade6-3011 allele, which was able to stimulate breaks at this site from a distance of approximately 1300 bp (Figures 1 and 5) . Furthermore, all of the breaks observed in ade6-3002 occurred at positions identical to those in ade6-3011 (within the limits of resolution shown), even though the M26 sequences are separated by more than 300 bp in these two alleles. An unexpected discovery in the analysis of the M26 heptamer moves was the large variability in the frequency of breakage among the different ade6 alleles. The frequency of breakage in ade6 and the three other break sites within the 40.6 kb PacI fragment (Figure 2A ) was quantitated for most of the ade6 alleles tested in this study ( Figure 2B , Table 1 , and data not shown). In order to determine whether there was a correlation between the frequency of breakage and the frequency of recombination within ade6, we plotted our data The pattern of breakage observed at M26 suggests that opening is greatest near the heptamer and dissipates the fission yeast S. pombe seems to behave similarly to hot spots of recombination in the budding yeast to either side. This pattern is most clearly illustrated with the ade6-3011 allele, which showed by far the highest S. cerevisiae. One difference between the two yeasts, however, is that the breaks stimulated by M26 ocfrequency of breakage (Ͼ11%) of all the M26-containing alleles we analyzed. Here, it can be seen that the most cur over a larger region than that typically seen in S. cerevisiae. In S. cerevisiae, breaks at recombination intense breaks occurred in a ‫004ف‬ bp region surrounding the heptamer. The intensity of breakage then hot spots are typically confined to regions of ‫051ف‬ bp The frequency of conversion of markers within or adjagel purified prior to use. Probes were labeled with 32 P using a rancent to the ade6-M26 heptamer is ‫%5ف‬ when ade6-
dom-prime labeling kit (Promega).
M26 is heterozygous and ‫%7ف‬ when homozygous (Gutz, 1971 ; Schä r and Kohli, 1994). These conversion Quantitation of DNA Breakage DNA breakage was quantitated using a phosphorimager (Molecular frequencies are slightly higher than those predicted from Dynamics). Area reports were taken for each lane within blots, and the observed frequency of DNA breakage at M26 peaks (break sites) were defined using ImageQuant (Molecular Dy-‫%4.1ف(‬ in haploids or homozygous diploids; Table 1) namics) and Excel Software (Microsoft). Background for each peak and the assumption that breakage of one chromatid was taken to be the average value of the counts per pixel in the among four in a meiotic cell leads to a convertant tetrad.
two valleys to either side of a given peak and subtracted from each Thus, 11.5% breakage in the ade6-3011 haploid (Table   pixel value within the peak ( Figure 2B ). The percent of breakage at a given site was taken to be the corrected peak value divided by 1) predicts at least 23% convertant tetrads in heterozy- explanations for the unusual behavior of this allele re-
